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Abstract 

We study semileptonic and radiative B decays involving the strange tensor meson iT|(1430) 
in the final state. Using the large energy effective theory (LEET) techniques, we formulate the 
B — > K2 transition form factors in large recoil region. All the form factors can be parametrized 
Qh' in terms of two independent LEET functions Q±_ and <ji. The magnitude of (j_ is estimated from 

the data for B(B — > il^ (1430)7). Assuming a dipole q 2 -dependence for the LEET functions and 

(T) . Cll/C-L = 1-0 ± 0.2, for which the former consists with the QCD counting rules and the latter is 

> . 

C ■ , favored by the B — * (pK^ data, we investigate the decays B — » K^^t and B — > K^w, where 

the contributions due to 0i are suppressed by niK*/mB- For the B —> K^t^l' decay, in the 
(T) ■ large recoil region where the hadronic uncertainties are considerably reduced, the longitudinal 

o. 

ON . distribution dF^/ds is reduced by 20 — 30% due to the flipped sign of Cj compared with the 

o 

standard model result. Moreover, the forward-backward asymmetry zero is about 3.4 GeV 2 in 
^ ■ the standard model, but changing the sign of c| ff yields a positive asymmetry for all values of 

the invariant mass of the lepton pair. We calculate the branching fraction for B — ► K^vv in the 
standard model. Our result exhibits the impressed resemblance between B — > (1430)^ + £~, 
vv and B -* K*(892)£ + £-, vv. 

PACS numbers: 13.20.He, 14.40.Ev, 12.39.Hg 
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TABLE I: Branching fractions of radiative and semileptonic B decays involving K* or KZ, . 



Mode B [1(T 6 ] Mode B [10" 6 ] 



B + - 


-> K*+ 


(892)7 


45.7 ±1.9 [5, 6,^ 


S - 


-» A"* (892)7 


44.0 ± 1.5 [5, 6,^ 


B+- 


-¥ K* + 


(1430)7 


14.5 ±4.3 [8] 




-» i^ 2 *°( 1430)7 


12.4 ± 2.4 [8, 9] 


B+- 


■* K*+ 


(892)e + e" 


1.42ig^ [lQ.il] 


£°- 


-» i^* (892)e + e- 


1.13l°;£ [10„ JJJ 


B+- 


-» K* + 


(892)//+/i- 


1.12i°;p [10, ll,i2j 


B°- 


-> iT"°(892 W~ 


1.00±g;i| [10,n,r2j 


B+- 


-> £T* + 


(892>P 


< 80 [13, 14] 


£°- 


-» iT"°(892)z^ 


< 120 [13, 14] 



I. INTRODUCTION 



The flavor-changing neutral current (FCNC) processes involving b — > s(d) transitions 
occur only at loop-level in the standard model (SM) and thus provide an important testing 
ground to look for new physics phenomena. Radiative B decays can offer bounds on the 
CKM matrix elements |Vt s | and \Vu\ as well as powerful constraints on new physics. The 
absolute value of , which is the Wilson coefficient of electromagnetic dipole operator, 
extracted from the current B — > X s 7 data is consistent with the SM prediction within 
errors. 

The h — > s£ + £~ processes arise from photonic penguin, Z-penguin and H^-box diagrams. 
The inclusive B — > X s £ + £~ and exclusive B — > K^*H + £~ decays have been measured 

n q 

[U, |2j ■ We summarize the current data for branching fractions of exclusive jrajimtive _and 
semileptonic B decays relevant to the FCNC b — > s transition in Table [I] 
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The FCNC processes may receive sizable new-physics contributions 
2l| . Recently, BABAR and Belle have measured interesting observables, 
K* longitudinal fraction, forward-backward asymmetry and isospin asymmetry, in the 
K*£ + £~ decays Q, 3, S, H, 



B 
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151 ] . Although the data are consistent with the SM 
predictions, all measurements favor the flipped-sign models 22[]. The minimal flavor 



violation supersymmetry models with large tan/? can be fine-tuned to have the flipped 



sign of cf* [23j, |24(, for which the charged Higgs is dominant. However, the contributions 
of the charged Higgs exchange to eg and c 10 are suppressed by 1/ tan 2 j3 for large tan (3. 
The measurements of inclusive and various exclusive decays relevant to FCNC tran- 
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sitions can shed 
iTi(1270)£ + £ 
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ight on new physics. We have studied B —>■ K\ (1270)7 an d B 



26|], where the ^(1270) is the P-wave meson. B -> A"i (1270)7 



has been measured by Belle[27|]. In this paper, we focus on the exclusive processes 
B -> K*(1430)7, B -> K*(U30)l+£- and B -> X*(1430)w, where #£(1430) is the 
strange tensor meson with positive parity. 

The P — > ^2(1430)7 decays have been observed by Belle and BABAR collaborations 
0, [9]. See also Table CO Corresponding semileptonic decays can be expected to see 
soon. Because both and K* mainly decay to the two-body Ktc mode, therefore the 
angular-distribution analysis for the B — > K*i + i~ decays are applicable to the study for 
B -> K*t + t decays. 

In experiments, the exclusive mode is much more easier to accessible than the inclu- 
sive process. However, the former contains form factors parametrizing hadronic matrix 
elements, and thus suffers from large theoretical uncertainties. B — > K% transition form 
factors, which are relevant to the study of the radiative and semileptonic B decays into 
a are less understood compared with B —>■ K* ones. So far only some quark model 
results about them 



28l . |29| . [30! . In this paper we formulate the B — > K\ form factors in 



the large recoil region using the large energy effective theory (LEET) techniques 3l| . We 
will show that all the form factors can be parameterized in terms of two independent form 
factors (j_ and Oi in the LEET limit. The former form factor can be estimated by using 
the data for B — > (1430)7, while the latter only gives corrections of order m K */m B in 
the amplitude. 

We study the longitudinal distribution dF^/ds and forward-backward asymmetry for 
the B — > decay. Particularly, we find that in the large recoil region, where the 

uncertainties of these observables arising from the form factors are considerably reduced 
not only due to taking the ratio of form factors but also due to the evaluation in the large 
Ex* limit. For the new-physics effect, we will focus on the possible correction due to the 
Cy ff with the sign flipped. 

We calculate the branching fraction for B — > K^vv in the SM. This mode enhanced 
by the summation over three light neutrinos is theoretically cleaner due to the absence 
of long-distance corrections related to the relevant four-fermion operators. This decay 
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is relevant for the nonstandard Z° coupling 32j, light dark matter [3_3| and unparticles 
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35|. 



The paper is organized as follows. In Sec. [Uwe formulate the B — » T form factors using 
the LEET techniques. In Sec. 1111} we numerically study the radiative and semileptonic B 
meson decays into the i^2(1430). We conclude with a summary in Sec. HVl 



II. B -> T FORM FACTORS IN THE LEET 

For simplicity we work in the rest frame of the B meson (with mass tub) and assume 
that the light tensor meson T (with mass tut) moves along the z-axis. The momenta of 
the B and T are given by 

p^ = (mB,0,0,0)=m B < P ^ = (E,0,0,p 3 ) = En^ (1) 

respectively. Here the tensor meson's energy E is given by 

2 V m B m B/ 

where q = ps — Pt- In the LEET limit, 

E,m B > m T , Aqcd, (3) 

we simply have 

1/* = (1,0, 0,0), -(1,0,0,1). (4) 
The polarization tensors e(X) fJ,u of the massive spin-2 tensor meson with helicity A can be 



constructed in terms of the polarization vectors of a massive vector state [36 1 

e(0)*" = (p 3 , 0, 0, E)/mr, e(±)*» = (0, T l, +2, 0)/^, (5) 
and are given by 

e""(±2) = e(±)M±r, (6) 

e^(±l) = ^/|( £ (±)%(0) i ' + £ (0)%(±) 1 '), (7) 

^(0) = y / |(e(+)%(-) 1/ + e(-Ye(+Y) + v/|e(0)%(0)^. (8) 



Due to the purpose of the present study, we calculate the B — > T transition form 
factors: 



{T\V»\B) } (T\A"\B), {T\T""\B), (T\Tg v \B), 



(9) 



where V" = ip^b, = ^7 M 7s&, T" v = ipa^ v b and T% v = ipa^-f 5 b. There is a trick 
to write down the form factors in the LEET limit. We first note that we have three 
independent classes of Lorentz structures (i) e af3fJ-u , (ii) t> M , n M and (iii) 



for A = ±2, 

e{±Y for A = ±1, 
for A = 0, 



V2 



rriT 
— i 
E 



fivpcr 



yf(99^(A)>VV 



f (^)%(A)>vy 










for A = 


±2, 




,n p v a 


for A = 


±1, 




V 






for A = 


o. 


( 




for A 


= ±2, 






< 


for A 


= ±1, 






V 


for A 


= 0, 









for A 


= ±2, 






< 


for A 


= ±1, 








for A 


= 0, 







(10) 



(12) 



(13) 



to project the relevant polarization states of the tensor meson. Eqs. ( |T0|) . ( fl2l) and ( {TBI 
are the vectors, but Eq. (1111) the axial- vector. Matching the parities of the matrix elements 
and using the three classes of the Lorentz structures, we can then easily parametrize the 
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form factors in the following results: 



(T\V*\B) 
(T\A»\B) 

(T\T^\B) 



-z2£ (^) C^^wJX. 
2E (^Jcf^^-^V)^] 



+2£ 



£2" 



(14) 



(15) 



mfA At) 



(T\TT\B) 



2E 1^-1 C^^^V)^ 
+2£ (^) C|V^n P K<X - (e>«VV] 



(16) 



*2£ (^) C| t5) { [e"*X - (e> V)n"] n" 
*2£ C,f 5) (4^ a ^)K^ - nV), 



")} 
)} 



7/ 



(17) 



where e 0123 = —1 is adopted. ^T\T II ' V \B) is related to (T\T^ U \B) by using the relation: 
v^lhtiiupo — 2ia pa . Note that for the tensor meson only the states with helicities ±1 and 
contribute to the B — > T transition in the LEET limit. (j_'s are relevant to T with 
helicity = ±1, and (Vs to T with helicity = 0. 

In order to reduce the number of the independent B — > T form factors, we consider 
the effective current operator q n Tb v (with T = 1, 75, 7 M , 7^75, 0^75) in the LEET 



limit, instead of the original one qEfr [311 ]. Here 6„ and g n satisfy fb v = b 



and 



{^tf/2)q n = q n . Employing the Dirac identities 



-a 



fJbV 



^- [i(n"v u - 71V*) - i{n»Y - n^")ji - e^ p<T v v n p ^ 5 ] 



(19) 



6 



where e 0123 = — 1 is adopted, one can obtain the following relations: 

QnK = v li q n 'fb v , 

qnl^K = n p q n b v - ie^ pc7 v u n p q n -f a -f 5 b v , 

qnYlbK = -n M g„7 5 6„ - i^ vpa v v n p q n ^ a b vi 

q n cr^b v = i [n p *v u q n b v - n ll q n 'fb v - (/i <-> v)\ - e^ upa v p n a q n 'y 5 b v , 

q n ^lhK = i [n^v u q n 'y 5 b v + n^q n ^ u ^ 5 b v - (// <-> v)\ - t^ pu v p n a q n b v . 

Substituting the above results into Eqs. ( |T4l) -( |T7l) . we have 



(20) 
(21) 
(22) 
(23) 
(24) 

(25) 
(26) 
(27) 

and thus find that there are only two independent components, (±{q 2 ) and (\\{q 2 ), for the 
B — ► T transition in the LEET limit. In the full theory, the B(p B ) — > iT 2 (p^*,A) form 
factors are defined as follows, 

2 





= <? 




= c± 


cj a) 


= <i W 


= 5) 


= Ch, 


>(a) 
^11,1 


_ a(*s) 




= o, 



(K 2 (p A1 ,A)|^|5(^)) 



■^(g 2 )6^p B ^ p e;, 



+ (m B + m K *)Af 2 (q 2 ) 



(28) 



q 



Pb+Pk* 



m B — m 



K. 



2 -q p 



(K* 2 (p K ;,\)\sa p »q u b\B(p B )) 
(Kl(p K *,\)\sa^ l5 q„b\B(p B )) 



2f^{q 2 )e^p Bv p K * P el 1 



(29) 
(30) 



iT 2 V) 



m B — m 



{e ■ p B ){p B + Pk* 



K, 



- lT -r(q 2 )(e*-p B ) 



q 1 * - 



m B — m\ 



■(Pb + Pk: 



(31) 



where e p = e f±u (pK*, ^)PB,u/ m B corresponding to A = 0, ±1. We have e M = (\pk% \/ m K^)^, 
where e(0) = y/2/3e(0) and e(±l) = y^l/2e(±l). We thus normalize these form factors 



and obtain relations as follows 



^ V) M. <V )4-^WV^), (32) 



'2 



ifV)!M = .4fV) - (33) 



mx 2 * m B + m K * 



m K * v m B 

• i\ , i -J^fql _ rrKU„^ I - ■ mK 



m K * 



A? (g2) \M = jgStf) ^(l + ^i) a(g^) - ^C||(S 2 ) , (34) 



% 2 ' V m B 



V (y )— — — — — = V"itf) ~ 1 + a(^), (35) 



T^(g 2 ) — = IT-O/)-^^). (36) 



T^(^)M = 7?V) * ( 1 - 2 ^ 2 ) a(g 2 ), (37) 



f^M ^ jf^) H a((fl - 1 - ^ 2gk|,(A (38) 



where have used \pk*\/E ~ 1. Our results are consistent with Ref. [30(. Defining 

e(0)" = a L e(0r, e(±l)" = /3^(±1) M , (39) 

we can easily generalize the studies of B — > i^*7, 5 — > K*£ + £~ and 5 — > K*vv to S — > 
fT 2 7, i? — > and I? — ► K^yv processes. For the X* cases, we have ol = /?t = 1, 

whereas for the _fT 2 cases, we instead use oil — ^/2/3 and f3 T = 1/V2. 



III. NUMERICAL STUDY 



In the following numerical study, we use the input parameters listed in Table [TT1 The 
Wilson coefficients that we adopt are the same as that in Ref. 26] 
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TABLE II: Input parameters 



Tensor meson mass m K* + (i430) = 1-426 GeV, m K*°(iA30) = 1-432 GeV, 

b quark mass [37] m-6, P oie = 4.79l L Qg GeV, 

B lifetime (picosecond) t#+ = 1.638, t b o = 1.530, 

CKM parameter [38] \V t * s V tb \ = 0.040 ± 0.001, \V ub \ = (3.44±g$) x 10~ 3 . 



A. B -»■ A" 2 *7 and B -> 



The effective Hamiltonian relevant to the B —>■ KZj and B —>■ Ktl^l decays is given 



by 



Gi 



10 



n eS = --^v tb v*J2^)Oi(fi) + a.c. 



i=l 



On 



30-^(1 + 75)6^, O. 



g s m b . 



9 = ^s(l-j 5 )b(££), O 10 
An 



' n " ~° 8tt 2 
olem 



2tt 



In analogy to B — > K*"f 



T(B - K* 2l ) 



24 



39 



4d l4l|. the B — > K^j decay width reads 



Gla EM \V*V t 



tb\ 



m 



32tH 



- m b,po\e m B I 1 - 



m 



B 



with (3t = a/1/2. Here A^ 1 ^ is decomposed into the following components [40} 



A {1 \fi) = Agfa) + 4^0) = -°- 038 - °- 016 ^ 



In the LEET limit, If 2 {q 2 ) can be parametrized in terms of two independent functions 
( ± (q 2 ) and C||(<? 2 )- Using 4° )eff = -0.315 and the B(B° -> Kf'y) data in Table [J we 
estimate the value of (±(0) as 



(40) 



^(1 + 75)6^^, 
s(l- 75 )6(l 75 £). (41) 



c (0)eff + ^(l) T ^5 (0 J ^ (42) 



(43) 



Tf 2 *(0) ~ C±(0) = 0.27 + 0.031^; 



0.00 

01) 



(44) 



where the errors are due to the uncertainties of the experimental data and pole mass 
of the 6-quark, respectively. The uncertainty is mainly due to the error of the data. 
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We use the QCD counting rules to analyze the g 2 -dependence of form factors (42]. We 
consider the Breit frame, where the initial B meson moves in the opposite direction 
but with the same magnitude of the momentum compared with the final state i.e., 
Pb = ~~Pk%- In the large recoil region, where q 2 ~ 0, since the two quarks in mesons have 
to interact strongly with each other to turn around the spectator quark, the transition 
amplitude is dominated by the one-gluon exchange between the quark pair and is therefore 
proportional to 1/E 2 . Thus we get (K£(p K *, ±l)\V»\B(p B )) oc ^ vpa p B uPK* P e(±)„ x 1/E 2 
and (K^Pk*, Q)\A^\B(p B )} oc p p K , x 1/E 2 . In other words, we have C±,||(<? 2 ) ~ 1/E 2 in the 
large recoil region. Motivated by the above analysis, we will model the q 2 dependence of 
the form-factor functions to be Cl,||(<? 2 ) — Cl,||(0) ■ (1 — q 2 /wig) -2 . For the value 1 of C||(0), 
within the framework of the SM model, it was shown that fr/fi ~ 3(m0/mB) 2 (C_i_/C||) 2 f° r 
the B — > 0i^2 decay [30] , where and Jl are the transverse and longitudinal components, 
respectively 2 . Comparing with the current data fi = 0.80 ± 0.10 for B + — > 0i^2(143O) + 



and h = 0.90ll^ for B° -> 1430)° 3, we therefore parametrize 

e = C||(0)/C±(0), with 0.8 < e < 1-2, (45) 

to take into account the possible uncertainty. 

The invariant amplitude of B — ► K* 2 £ + £~ , in analogy to 24], is given by 



M = [Tprfb + Urfrf-ytb] , (46) 

where 

T p = Ae^ p(T e* u p p B PT - im 2 B Be* + iC(e* ■ p B )p fl + iV(e* ■ p B )q^ (47) 

U p = 8e^ pa e* v p B PT - im 2 B Te* p + iQ{e* ■ p B )p P + iH(s* ■ p B )q^ (48) 

The "D-term vanishes when equations of motion of leptons are taken into account. The 



1 The light-front results infer that £j_ and C|| are of the same sign [25 

2 Here the new-physics contribution can be negligible if it mainly affects df S . 
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building blocks A, ■ • ■ ,H are given by 
A 



2 c f V Ki( s) + ^h c f Tl K >(s) 



B 
C 
V 



1 + mjc 
(1 + rh K * 



1 - m K * 



cf(s)Af^s) + 2^(1 - m K *)c?T^(s) 
s 



„eff rpKl 



1 - m K Acf(s)A^ (s) + 2m b cf ( T 3 ' 12 (s 



cff / rpK 2 



1 - m*. ^K* 



2 I s , 



(49) 
(50) 
(51) 



cf(s){{\ + rh K AA^{s) - (1 -rh K AA^{s)} 



K* 



2m K *A^(s)-2rh b cfT^(s 



eff rpK 2 , 



(52) 



£ 

n 



c 10 V^», F=(l + m K *)c 10 A^(s), Q 



1 + rn Ki 



1 



c 10 < 2 (s),(53) 
(54) 



1 + rh K * 



1 

tCio 
s 



1 + m K *)A^(s) - (1 - m K *)< 2 *(s) - 2m K *Af (s) 



where s = s/m% and s = (p + + p_) 2 with p± being the momenta of the leptons I . 
c 9 ff (s) = c 9 + ^pert(s) + YLd contains both the perturbative part Y pert (s) and long-distance 



part 1l D (s). F(s) ld involves 5 — > if^F 



charmonium states. We follow Refs. 

3tt 



44 



cc) resonances, where V(cc) are the vector 



Y LD (s) 



a 



-co 



45j and set 

m v £(K 



E 



V=i>(ls), 



s — rhy + irhyT 



(55) 



tot 



where r^ t = TY^/rnn and Ky = 2.3. The detailed parameters used in this paper can 



be found in Ref. 
respectively given by 

dT L dT 



261 ] . The longitudinal, transverse and total differential decay rates are 



ds ds 



dTn 



dT 



a L = y/2/3 
Pt=0 



ds ds 



a L =0 
/3 T = V / V2 



ds ds 



a L = v /2/3 



(56) 
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with 



dT G 2 F a 2 EM m B |2 
dS ~ 2V lVM 



4 



|.4| 2 u(s)s/3 2 1 3 [l - 2(tt&. + s) + (m 2 K * - S) 2 ] - m(s) 2 } + /$|£| 2 s 



U(S 



—^\B\ 2 u{s) {3 [l - 2{m 2 K * + s) + (m 2 K , - s) 2 



- uls) 



'} 



X 



■1 + mU + s) 2 a 2 L + 8m' sfc 



12m 2 A 

K 2 



|.F| 2 ii(s^3a?A 2 



+ w(S) 2 [lBm 2 ^/? 2 - (1 - 2(m 2 K . + s) + m 4 K , + s 2 - 10m 2 K ,s)a 2 L ] } 



+a L u(s) 



-a T u\s 



A 



4m 2 



2m 2 



\C\ 2 l\ 



uls 



3 J + W[ X 3 



+ 4m 2 (2 + 2m 2 - s) 



Re(i3C*) A - 



uls) 



+ Re(FQ*) HA- 



(1 - mi. - s) 



(1-m 2 -s)+4m 2 A 



m 



ml 



2a£w(s)^-A Re(.W) -Re(£ft*)(i -m^) + a 2 L u(s)^s\\H\ 2 }. (57) 



m; 



m. 



We have chosen the kinematic variables u = u/m 2 B and us = u(s)/m 2 B , where w 
— cos 6* and 



m(s) 



A 1 



Amj\ 



with 



A = 1 + mi* + s - 2m 



A'* 



2s — 2m 



(58) 



(59) 



and being the angle between the moving direction of £ + and B meson in the center of 
mass frame of the £ + £~ pair. In Fig. [H the total decay rates for B — > (1430)yU + /i~with 
and without charmonium resonances are plotted. The detailed results for the charmonium 
resonances can be found in Refs. 



44 



451 ]. The branching fraction for nonresonant B 



K^i^n is obtained to be 

B(B° -> K*°(1430)^V) = (3.5l};^; 6 7 ) x KT 7 , 



(60) 
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FIG. 1: The differential decay rates cir tota i (5° — ► i^|°(1430)/i + /i _ )/(is as functions of the 
dimuon invariant mass s. The solid (dashed) curve corresponds to the center value of the decay 
rate with (without) the charmonium resonance effects. 



o 

X 
CO 
T3 



=1 

o 0.5 

CO 

* <M 

T 
DQ 

1— 

CD 
T3 




8. 10. 12. 14. 



s[GeV 2 ] 



where the first error comes from the variation of (± in Eq. ( ]4"4"l) . the second error from 
the uncertainty of £ in Eq. (]4"5l) . 

The longitudinal fraction distribution for B — > K^ + ^~ decay is defined as 



dF L dT, 



dY 



total 



ds 



ds 



ds 



(61) 



In Fig. [2j the longitudinal fraction distribution for the B — > K\ (1430)/i + /i~ decay is plot- 
ted. For comparison, we also plot Fl(B — > K* (892) fi + fi~)/ds as a benchmark. For small 
s (< 3GeV 2 ), B — > K*fi + n~ and B — > K^^yT have similar rates for the longitudinal 
fraction, while for large s (> 4 GeV 2 ) the dF^/ds for the B — > -fQ/i 4 pT decay slightly 
exceeds the B — > K*ji + jj,~. More interestingly, when s ~ 3 GeV 2 , the result of the new- 
physics models with the nipped sign solution for c^ ff can deviate more remarkably from 
the SM prediction (and can be reduced by 20 — 30%). 
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FIG. 2: Longitudinal fraction distributions dF^/ds as functions of s. The thick (blue) and thin 
(red) curves correspond to the central values of B — ► i^|°(1430) / u + / u _ and B° — > JT*°(892)/i + /i~ 
decays, respectively. The solid and dashed curves correspond to the SM and new-physics model 
with flipped sign of cf ff , respectively. 



V) 

0.8 

i 

=5. 

+^ 0.6 

*§ 

T 

CO 



0.4 



0.2 

"D 
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The forward-backward asymmetry for the B — > K^i + i decay is given by 
dA FB 



ds 



■^^^WW [Re(S£*) + Re (AT 7 *)] 



/3 T =V 1 /2 



Re(c 10 cf)V^f 



f ^ Re(c 10 cf ) {(1 - m K *)V K lT^ + (1 + m*.)^^ 2 



(62) 



/3 T=v /l/2 



(63) 



In Fig. [3] we illustrate the normalized forward-backward asymmetry dA-p^/ds = 
(dA^s/ ds)/(dT total/ ds) for B — ► K^fi^ ' [i~ together with I? — > K*[i + fi~. 

In the SM, the forward-backward asymmetry zero so for B — > is defined by 



Re[c loC e 9 ff (so)]\/ K 5( So )^ 2 (so) 



if*, 



Re(c 10 cf ) { (1 - m^)^( So )Tf 2 *( So ) + (1 + m Ki )Ai 2 « 

Sq 



.(64) 



We obtain 



s 



3.4±0.1GeV z 



(65) 
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FIG. 3: Forward-backward asymmetries dAp^/ds for B — ► i^|(1430)/x + /x~ (thick curves) and 

B — > K*(892)fi + [i~ (thin curves) as functions of the dimuon invariant mass s. The solid and 

dashed curves correspond to the SM and new-physics model with flipped sign of Cj S . Variation 

due to the uncertainty from C\\(q 2 ) / (±{q 2 ) ( see Eq. (|45[) ) is denoted by dotted curves. 
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T3 




8. 10. 12. 14. 16. 18. 20. 

s[GeV 2 ] 



where the error comes from the variation of m&. This result is very close to the zero 
for B — > K*fi + fi~. As shown in Fig. [31 it is interesting to note that the form factor 
uncertainty of the zero vanishes in the LEET limit. 

The asymmetry zero exists only for Re[cg ff (s)cio] Re(cj G cio) < 0. Therefore with the 
flipped sign of along, compared with the SM prediction, the asymmetry zero dis- 
appears, and dA-ps/ds is positive for all values of s. From recent measurements for 
B — > K*£ + £~ decays, the solution with the flipped sign of Cy ff seems to be favored 



by the data 



46 



4=71 ] . One can find the further discussion in Ref. for the 



B -> K 1 {1270)e + £- decays. 



B. B — > K*vv 



In the SM, b — *■ proceeds through Z penguin and box diagrams involving top 



quark exchange [481 ] . One of the reasons that we are interested in the study of decays 
going through b —>■ svv is the absence of long-distance corrections related to the relevant 
four-fermion operators. Moreover, the branching fractions are enhanced by the summation 
over three light neutrinos. New physics contributions arising from new loop and/or box 

15 



diagrams may significantly modify the predictions. In the SM, the branching fractions 
involving K or K* are predicted to be B(B — > Kvv) ~ 3.8 x and B(B — > K*vv\ 



13 x 10" 



48 



14 



491 ]. while only upper limits 10 4 ~ 10 5 were set in the experiments 



22). In the new physics scenario, the contribution originating from the nonstandard 



Z° coupling can enhance the branching fraction by a factor ten [32] . This mode is also 
relevant to search for light dark matter 33( and unparticles 34], [35]. 

The generally effective weak Hamiltonian relevant to the b — > svv decay is given by 



H 



eff 



c L s7 M (l - 75)6 1/7^(1 - 75)1/ + c R s7 M (l + 75)6 1/7^(1 - 75)1/, 



(66) 



where cl and c# are left- and right-handed weak hadronic current contributions, respec- 
tively. New physics effects can modify the SM value of cl, while c B only receives the 
contribution from physics beyond the SM 

Gp ol em 



v^27rsin 2 ^ tb ts 
where the detailed form of X(xt) can be found in Refs 



321 ] . In the SM we have 
V tb V*X(x t ) = 2.9 x 10- 9 , 



(67) 



51 



52 



53). The K* helicity 



polarization rates of the missing invariant mass-squared distribution dTh/ds of the B 



K^w decay are given by 
dT 



32 



54 



55 



ds 



2 \P\ \°l - c R \ 
Sa L - 



'48tt 3 



m 



A'.t 



x 



(m B + m K *)(m B E - m 2 K *)Af 2 (q 2 ) 



2m| 



m B + m K * 



(6* 



±1 



c/.s 



3^ 



|p|g 2 



48vr 3 
cl + c/j) 



(69) 



where s = s/m 2 B} ai = a/2/3 and /3t = \Zl/2 with < s < (m B — m K *) 2 being the 
invariant mass squared of the neutrino-antineutrino pair. Here the factor 3 counts the 
numbers of the neutrino generations, p and are the three-momentum and energy of 
the K% in the B rest frame. In Fig. 0], we show the distribution of the missing invariant 
mass-squared for the B — > .fC^ 1430) Pi/ decay within the SM. We find 



-6(5° -> K*°(1430)^) = (2.8 



+0.9+0.6\ 
-0.8-0.5J 



X 10" 



(70) 
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FIG. 4: Branching fraction distribution dB(B° — > K%°i/u)/ds as a function of the missing 

invariant mass squared s within the SM. The solid (black), dashed (blue), dotted (green) and 

dot-dashed (red) curves correspond to the total decay rate and the polarization rates with 

helicities h = 0, — 1, +1, respectively. 
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where the first and second errors are due to the uncertainty of the form factors and £, 
respectively. 




IV. SUMMARY 



We have studied the radiative and semileptonic B decays involving the tensor meson 
X|(1430) in the final states. Using the large energy effective theory techniques, B — > 
K2 (1430) transition form factors have been formulated in the large recoil region. There are 
only two independent functions C±{q 2 ) an d C||(9 2 ) that describe all relevant form factors. 
We have determined the value of C_i_(0) from the measurement of B(B° — > If;? (1430) 7). 
Adopting a dipole g 2 -dependency for the LEET functions and C||(q ,2 )/C-l(? 2 ) = 1-0 ± 0.2, 
for which the former consists with the QCD counting rules and the latter is favored by 
the B — ► (pK^ data, we have investigated the decays B — > K^t^t' and B — > K^vv. 
Note that C|| only gives corrections of order mK*/rriB- We have discussed two dedicated 
observables, the longitudinal distribution dF^/ds and forward-backward asymmetry, in 
the B — > K2i + £~ decay. Recent forward-backward asymmetry measurements for B — > 



K*£+£- decays |3|, [ll|, [15|] seem to (i) allow the possibility of flipping the sign of Cy , or 
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(ii) have both eg and c\o flipped in sign, as compared with the SM. Meanwhile, in the 
large recoil region, BABAR has recently reported the large isospin asymmetry for the 
B — > K*£ + £~ decays, which qualitatively favors the flipped sign Cj S model over the SM 



221 ] . Therefore in the present study, in addition to the SM, we focus the new-physics effects 
on with the sign flipped. It should be note that the magnitude of Cy ff is stringently 
constrained by the B — > Xg'-f data which is consistent with the SM prediction. 

For the B — > Ki,£ + £~ decay, of particular interest is the large recoil region, where the 
uncertainties of form factors are considerably reduced not only by taking the ratios of 
the form factors but also by computing in the large E^* limit. In this region, where the 
invariant mass of the lepton pair s ~ 2 — 4 GeV 2 , due to the flipped sign of Cy ff compared 
with the SM result, dFi/ds is reduced by 20 — 30%, and its value can be ~ 0.8. One the 
other hand, in the SM the asymmetry zero is about 3.4 GeV 2 , but changing the sign of 
cf yields a positive forward-backward asymmetry for all values of the invariant mass of 
the lepton pair. 

We have obtained the branching fraction for B — > K\vv in the SM. This mode enhanced 
by the summation over three light neutrinos is theoretically cleaner due to the absence 
of long-distance corrections related to the relevant four-fermion operators. This decay is 
relevant for the search for the nonstandard Z° coupling, light dark matter and unparticles. 

In summary, the investigation of the semileptonic B decays involving if|(1430) will 
further provide complementary information on physics beyond the standard model. Our 
results also exhibit the impressed resemblance of the physical properties between B — > 
K;(U30)£ + £-, vv and B -> K*(892)£+£~, vv. 
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